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SUPPLEMEMTARY MATERIALS and METHODS 

Primary astrocyte culturing and treatments 
First, the whole brains from neonatal mouse pups (wildtype, C57BL/6) at postnatal day 0 (P0) 
were dissected out on ice. After removal of the meninges, the brains were washed in cold 
DMEM-F12 (C11330500BT, GIBCO) supplemented with 10% FBS (ST30-3302, PANTM 
SERATECH) and 1% penicillin streptomycin (15140-122, GIBCO). The brains were transferred 
to 0.25% trypsin EDTA for 20 minutes, and then DMEM-F12 complete medium was used to 
stop the trypsinization. Cell debris and aggregates were removed by passing the single-cell 
suspension through a 40 μm nylon mesh. After 5 minutes of centrifugation at 1000 g, the single-
cell suspension was collected and cultured with astrocyte medium: DMEM-F12 (C11330500BT, 
GIBCO) containing 10% FBS (ST30-3302, PANTM SERATECH), 1% NEAA, 1% penicillin 
streptomycin (15140-122, GIBCO), 1% glutamine (GIBCO, 25030-081) and 1 mM sodium 
pyruvate (S8636, Sigma) in T-75 flasks for 7 days. The cultures were then vigorously shaken in 
an orbital incubator shaker at 350 rpm and 37°C for 12 hours. Following agitation, all cells 
present in the culture medium were removed, and the remaining attached cells were sub-cultured 
with the medium being replaced every 2-3 days for one week. Primary astrocytes were plated 
onto poly-D-lysine-coated glass coverslips in 24-well plates at a density of 8x103 cells per well 
and allowed to settle at 37 °C in a 5% CO2 incubator for 24 hours. 

Primary mouse neural stem cells (NSCs) isolation and culturing 
In short, the anatomical structure of the dentate gyrus was visualized by a dissection microscope, 
carefully removed out of the hippocampal regions, and then subject to the enzymatic digestion 
by using the MACS neural tissue dissociation kit according to the manufacturer’s protocol (130-
092-628, MACS Miltenyi Biotec). One milliliter of trypsin inhibitor (S10088, Yuan Ye Biology)
was added to each sample to stop digestion. After 5 minutes of centrifugation at 1000 g, the
single-cell suspension was collected and cultured with the maintenance medium for proliferation
(proliferation medium), formulated with neurobasal (21103049, GIBCO) medium containing 2%
B27 supplement (17504044, GIBCO), 20 ng/mL basic fibroblast growth factor (FGF-2, K1606,
PeproTech), 20 ng/mL epidermal growth factor (EGF, A2306, PeproTech), 1% penicillin
streptomycin (15140-122, GIBCO) and 2 mM L-glutamine (25030-081, GIBCO) in a 5% CO2
incubator at 37 °C. Without further description, half of the medium was replaced every 3 days.
To assay the NSC proliferation, 24 hours after plating, the cells were incubated with the
indicated vehicle controls or biological reagents for 3 days, and then the EdU from a Cell
Proliferation Kit was administered according to the manufacturer’s protocol (C0078L,
Beyotime). For the assays of neuronal differentiation, 48 hours after plating, the cells were
changed to the differentiation medium composed of neurobasal medium containing 2% B27
supplement (17504044, GIBCO), 1% penicillin streptomycin (15140-122, GIBCO) and 2 mM L-
glutamine (25030-081, GIBCO), with the co-incubation of the indicated vehicle controls or
biological reagents.

Immunoblotting and the densitometric analysis 
Cell lysates were derived from primary mouse astrocytes or NSCs using 
radioimmunoprecipitation assay (RIPA) lysis buffer. The proteins were separated on 8-15% 
sodium dodecyl sulfate-polyacrylamide gels by electrophoresis and then transferred to methanol-
activated polyvinylidene fluoride (PVDF) membranes. The membranes were blocked in 5% 
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defatted milk powder for 1 hour at 37 °C and incubated with primary antibodies overnight at 4 
°C. The membranes were then washed three times with TBST and incubated with horseradish 
peroxidase (HRP) secondary antibodies for 1 hour. Protein bands were visualized with Millipore 
ECL Plus reagent and imaged on a Tanon 5500 Imaging Analysis System. 
 
Immunohistochemistry for confocal imaging of mouse hippocampal slices 
Mice were euthanized by intraperitoneal injection of 2% pentobarbital sodium and given an 
initial flush with 0.01 M phosphate buffered saline (PBS). Then, the mice were transcardially 
perfused with 4% PFA. Mouse brains were fixed in 4% PFA at 4°C overnight and then placed in 
30% sucrose until submerged. The brains were cut into 40-µm-thick sections coronally using a 
microtome and placed in a 96-well plate. The slices were kept in cryoprotectant solutions 
(glycerol, ethylene glycol and 0.1 M phosphate buffer, pH 7.4, 1:1:2 by volume) at 4 °C. For 
immunofluorescence staining, floating sections were blocked with 300 μL donkey or goat serum 
and 250 μL 10% Triton X-100 per 10 mL PBS for 1 hour at room temperature and then 
sequentially incubated with primary antibodies overnight at 4°C. The sections were washed with 
PBS three times, and then incubated with the secondary antibody at room temperature for 1 hour. 
The nuclei were then stained with 4’,6-dimethyl-2’-phenylindole dihydrochloride (DAPI, 2261b, 
Sigma Aldrich). The images were observed under a laser confocal microscope. Each group of 
immunohistochemical experiments was repeated at least 3 times. For DCX or Sox2 staining, 
antigen retrieval was needed. Antigen retrievals were performed in citrate buffer (pH 9.0) with a 
microwave for 10 minutes at 95 °C followed by 20 minutes of cooling at room temperature.  
 
Sequences of the primers for quantitative real-time PCR (qPCR) 
The sequences of the forward (F, 5’-3’) and reverse (R, 5’-3’) primers for the individual genes:  

1. IL1α, F: CAGTGAGACCTTCACTGAAG, R: CTGGAAGTCTGTCATAGAGG 
2. IL1β, F: GGCTGCTTCCAAACCTTTGA, R: GCTGTTGATGGACCTACAGGA 
3. IL2, F: GCTGTTGATGGACCTACAGGA, R: TTCAATTCTGTGGCCTGCTT 
4. IL4, F: CATCGGCATTTTGAACGAG, R: ACGTTTGGCACATCCATCTC 
5. IL5, F: GACCTTGACACAGCTGTCCG, R: AGCATTTCCACAGTACCCCC 
6. IL6, F: GCTTAATTACACATGTTCTCTGGGAAA, R: 

CAAGTGCATCATCGTTGTTCATAC 
7. IL18, F: TCCAACTGCAGACTGGCAC, R: GGCAGGAGTCCAGAAAGCAT 
8. TNF-α, F: GACTCAAATGGGCTTTCCGA, R: TCCAGCCTCATTCTGAGACAGAG 
9. TNF-β, F: AACCTGCTGCTCACCTTGTT, R: CAGTGCAAAGGCTCCAAAGA 
10. NFκB, F: CATGAAGCAGCTGACAGAAG, R: TTCAATAGGTCCTTCCTGCC 
11. CCL2, F: TGAGTAGGCTGGAGAGCTACAAG, R: 

TGTATGTCTGGACCCATTCCTTC 
12. CCL5, F: CCTCACCATCCTCACTG, R: TCTTCTCTGGGTTGGCACAC 
13. CCL6, F: GGCCCAAGATCTGGGAACAA, R: CTCTATTGTGGCAGGGCGAA 
14. CCL7, F: ATCTCTGCCACGCTTCTGTG, R: CCTCTTGGGGATCTTTTGTTT 
15. CCL11, F: GGCTTCATGTAGTTCCAGAT, R: CCATTGTGTTCCTCAATAATCC 
16. CCL17, F: TGCTTCTGGGGACTTTTCTG, R: GAATGGCCCCTTTGAAGTAA 
17. CCL20, F: ATGGCCGATGAAGCTTGTGA, R: CTCCTTGGGCTGTGTCCAAT 
18. CCL22, F: TCTTGCTGTGGCAATTCAGA, R: GAGGGTGACGGATGTAGTCC 
19. CXCL1, F: TAGGGTGAGGACATGTGTGG, R: AAATGTCCAAGGGAAGCGT 
20. CXCL2, F: GGAAGCCTGGATCGTACCTG, R: TGAAAGCCATCCGACTGCAT 
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21. CXCL5, F: GCCCTACGGTGGAAGTCATA, R: GTGCATTCCGCTTAGCTTTC 
22. CXCL10, F: CATCCCTGCGAGCCTATCC, R: CATCTCTGCTCATCATTCTTTTTC 
23. CHI3L1, F: GGCAAGAAGCAAGACGTAGG, R: CAGACCAGCTTGTACGCAGA 
24. GFAP, F: CATGCCACGCTTCTCCTTGT, R: ATCATCTCTGCACGCTCGCT 
25. ALDH1L1, F: GGGGACAGGAGGGTGCTAAGTC, R: 

TGTCATCCCCTGGAACTATCCC 
26. S100b, F: AGCTGGAGAAGGCCATGGTG, R: GAACTCGTGGCAGGCAGTAG 
27. IBA1, F: TGAGGAGCCATGAGCCAAAG, R: GCTTCAAGTTTGGACGGCAG 
28. Tmem119, F: CCTTCACCCAGAGCTGGTTC, R: GGCTACATCCTCCAGGAAGG 
29. CX3CR1, F: CACCAAAGCCAGCACATAGGAGAG, R: 

GTCTGCGGATCTTGGACAAACAAATG 
 
Sequences of the validated shRNAs  
The shRNA sequences used to knock down CHI3L1 receptors are: 

1. CRTH2-shRNA_1: 
CCGGGCTCAACACAATACCATATTTCTCGAGAAATATGGTATTGTGTTGAGCT
TTTTT 

2. CRTH2-shRNA_2: 
CCGGCACTGCTCTATGTGTTCACATCTCGAGATGTGAACACATAGAGCAGTGT
TTTTT 

3. TMEM219-shRNA_1: 
CCGGGTCGGCTTACTGACCACTTTGCTCGAGCAAAGTGGTCAGTAAGCCGAC
TTTTTT 

4. TMEM219-shRNA_2: 
CCGGCATGGTAGTCAGATAGGATTGCTCGAGCAATCCTATCTGACTACCATGT
TTTTT 

5. IL-13Rα2-shRNA_1: 
CCGGATATTCTGATACCAACTATACCTCGAGGTATAGTTGGTATCAGAATATT
TTTTT 

6. IL-13Rα2-shRNA_2: 
7. CCGGTTGGACTCATCAGACTATAAACTCGAGTTTATAGTCTGATGAGTCCAAT

TTTTT 
  
Production of lentivirus and adeno-associated virus (AAV) particles  
The lentivirus and AAV preparations were routinely produced the transfection of human 
embryonic kidney (HEK293T; RRID:CVCL_0063) cells with the desired vectors. The sequences 
of the shRNAs targeting against the test CHI3L1 receptors are listed in a table included in the 
Supplemental Materials. In summary, the HEK293T cells were maintained at 37°C in a CO2 cell 
incubator (Thermo Fisher 371) in Dulbecco’s Modification of Eagle’s Medium (DMEM) 1× 
(MOD.) (319-005-CL, MULTICELL) containing 10% fetal bovine serum (ST30-3302, PANTM 
SERATECH), 1% penicillin streptomycin (15140-122, GIBCO), and 1% glutamine (GIBCO, 
25030-081) and passaged every 2-3 days with 0.05% trypsin EDTA. For the production of 
lentivirus particles, the designed and cloned lentiviral vectors were co-transfected with helper 
plasmids psPAX and pMD2G into HEK293T cells using polyethyleneimine (PEI, PR40001, 
Proteintech Group). The culture medium was changed within 4 hours. The medium containing 
lentivirus was collected at 2-4 days post transfection, filtered, and concentrated by 
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ultracentrifugation (Beckman SW32 Ti). The viruses were washed once with PBS and then 
resuspended in 200 μL PBS. Each virus tube was labeled and stored at -80°C. As for the AAV, 
the package with AAV-DJ capsids were used for the intended high efficiency of in vivo 
infection. AAV vectors with pHelper and pRC-DJ were transfected into HEK293 cells, which 
were collected and lysed 72 hr later. The virus preparations were concentrated from cell lysates 
by fractioning with iodixanol gradient (40%) and filtering with 100,000 MWCO tube filter. For 
both lentivirus and AAV production, the virus titer was measured by transducing HEK293 with a 
series of dilutions and analyzing the fluorescent signal from the co-expressed eGFP. Before the 
concentration, the typical titer was among the range of ≒107 transduction units (TU) ml before 
the concentration. 
 
Animal care and genotyping by the genomic DNA extraction and PCR  
Overall, the 8-week-old wildtype (C57BL/6, Charles River) and the CHI3L1-floxed transgenic 
mice (Chil1f/f, Cyagen Biosciences) were used for the described experiments, and maintained for 
additional four to eight weeks according to the individual study design. These mice were placed 
in the animal facility of Guangdong Laboratory Animals Monitoring Institute under a 12-hour 
light/dark cycle constantly under 22-26°C and 50%–60% humidity. The mice could obtain food 
and water in the cage ad libitum. Chil1f/f mice were created by Cyagen Biosciences (NCBI: 
12654). All mice in the study were backcrossed to the C57BL/6 background for at least six 
generations. The animals were randomly assigned to the experimental group. Before the 
experiment was completed, the experimenter did not know the identities of the animals. Adult 
neural stem cells were isolated from eight- to twelve-week-old WT mice. All procedures and 
feeding were carried out in accordance with the scheme approved by the Laboratory Animals 
Monitoring Institute and the animal experiment ethics committee of the Third Affiliated Hospital 
of Sun Yat-Sen University. No mice were used in other research projects. The influence of sex 
was not evaluated in this study. For the extraction of genomic DNA, mouse tails were digested 
overnight in 200 mL lysis solution (containing 1 mg/mL proteinase K, 50 mM Tris-HCl pH 8.0, 
100 mM EDTA, 100 mM NaCl and 1% SDS) at 55 °C. Four hundred milliliters of NaCl (6 M) 
were added to each sample and the solution was mixed well. The solution was incubated on ice 
for 10 minutes. The samples were centrifuged at 13,000 rpm for 10 minutes at room temperature. 
The supernatant was transferred to a new 1.5 mL centrifuge tube with 800 mL ethanol (70% in 
ddH2O) and mixed well. The samples were centrifuged at 13,000 rpm for 10 minutes. The 
genomic DNA pellet was dissolved in 200 mL TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 
8.0). Genotyping was performed with PCR-based assays using genomic DNA. The sequences of 
the primers used were: the forward primer (5’-3’), GCTACCCAACATGTCAATAGCTCA; the 
reverse primer (5’-3’), CATATGGTGGGCAATAATCTTGGA. 
 
Open Field Test  
The Open Field Test by experienced experimenters to detect the locomotor activity and 
exploratory behavior of mice in a standardized manner. Mice of different experimental groups 
were placed in a 50 cm x 50 cm x 50 cm arena and allowed to explore the site freely for 10 
minutes. After the test, they were placed back in their cage. The distance traveled was recorded 
to evaluate the motor ability of the mice, and the time spent in the central area was measured to 
detect the anxiety of the mice. Experimenters were blinded to the genotypes and mice. 
 
Morris Water Maze 
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The Morris Water Maze task was performed as previously described. Briefly, the MWM test 
consisted of a water-filled pool (diameter 120 cm) with a hidden escape platform under the water 
surface. The platform (10 cm wide) was located approximately 1 cm below the water level and 
was divided into four quadrants. The MWM is divided into training and testing phases. In the 
training phase, mice were randomly placed in the water maze from four different starting 
positions (NE, NW, SE and SW). The mice were trained for five days to find the hidden 
platform. After taking the mouse out of the maze, the water on the mouse was wiped with a 
towel and then the mouse was placed back in the cage. After 24 hours of visual platform training, 
a detection test was conducted, during which the platform was removed and times crossing the 
platform area were measured by camera to test short-term spatial memory. All tests were 
performed at the same time every day. Experimenters were blinded to the genotypes and mice. 
 
Production of lentivirus and adeno-associated virus (AAV) particles  
The lentivirus and AAV preparations were routinely produced the transfection of human 
embryonic kidney (HEK293T) cells with the desired vectors. The sequences of the shRNAs 
targeting against the test CHI3L1 receptors are listed in a table included in the Supplemental 
Materials. In summary, the HEK293T cells were maintained at 37°C in a CO2 cell incubator 
(Thermo Fisher 371) in Dulbecco’s Modification of Eagle’s Medium (DMEM) 1× (MOD.) (319-
005-CL, MULTICELL) containing 10% fetal bovine serum (ST30-3302, PANTM SERATECH), 
1% penicillin streptomycin (15140-122, GIBCO), and 1% glutamine (GIBCO, 25030-081) and 
passaged every 2-3 days with 0.05% trypsin EDTA. For the production of lentivirus particles, the 
designed and cloned lentiviral vectors were co-transfected with helper plasmids psPAX and 
pMD2G into HEK293T cells using polyethyleneimine (PEI, PR40001, Proteintech Group). The 
culture medium was changed within 4 hours. The medium containing lentivirus was collected at 
2-4 days post transfection, filtered, and concentrated by ultracentrifugation (Beckman SW32 Ti). 
The viruses were washed once with PBS and then resuspended in 200 μL PBS. Each virus tube 
was labeled and stored at -80°C. As for the AAV, the package with AAV-DJ capsids were used 
for the intended high efficiency of in vivo infection. AAV vectors with pHelper and pRC-DJ 
were transfected into HEK293 cells, which were collected and lysed 72 hr later. The virus 
preparations were concentrated from cell lysates by fractioning with iodixanol gradient (40%) 
and filtering with 100,000 MWCO tube filter. For both lentivirus and AAV production, the virus 
titer was measured by transducing HEK293 with a series of dilutions and analyzing the 
fluorescent signal from the co-expressed eGFP. Before the concentration, the typical titer was 
among the range of ≒107 transduction units (TU) ml before the concentration.  
 
Material availability Statement  
The newly created materials would be available for sharing, made with no more restrictive terms 
than in the Uniform Biological Material Transfer Agreement (UBMTA) or an equivalent form of 
agreement and without reach through requirements.  
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SUPPLEMEMTARY FIGURES  
 

Supplementary Figure 1 
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Fig. S1 Additional data of transcriptional analyses on mouse astrocytes activated by pro-
inflammatory stimuli.  

(A) Evaluation of CHI3L1 induction in neuroinflammation by meta-analyses of published 

 

(B

astrocyte transcriptomic datasets on wildtype mouse astrocytes, in primary cultures 
treated with pro-inflammatory cytokines IL-1α, TNF and C1q (ITC for 24h; ‘in vitro’), or 
in acutely purified astrocytes from mice stimulated by intraperitoneal injection of 
liposaccharide (LPS after 24h; ‘in vivo’), based on the bulk RNA-Seq datasets from 
Guttenplan et al. (41) and Hasel et al. (40)

) Assessment of the purity in the cultures of primary mouse astrocytes. Top, representative 

 
  

(C) The characterization of astroglial development in vitro

images of immunostaining to label all cells (DAPI, blue) and the cells positive for 
astrocyte marker (GFAP, green) in 14-day-old cultures as in Fig. 1. Left bar graph, the 
percentage of the cultured cells positive for the astrocyte marker (GFAP/DAPI, ~100%) 
n=4 independent batches of astrocyte cultures. Right bar graph, the expression of multiple 
markers genes for astrocytes (GFAP, ALDH1L1 and S100b) and microglia (IBA1, 
Tmem119 and CX3CR1) by individual qPCRs on astrocyte cultures (normalized to the 
loading control GAPDH and plotted relative to GFAP=1.0; DIV 14), showing a minimal 
amount of microglia present in the primary cultures of mouse astrocytes. Scale bar, 50 
µm. n=5 independent experiments. 

, by assaying the expression of marker 
genes with immunostaining (GFAP, gray; S100β, green; AQP4, red), which plateaued on 
DIV14 (14d) to indicate functional maturity. Scale bar, 20 µm n=4 batches of cultures.  

(D) Functional principal component analysis (PCA) of bulk RNA-Seq from this study on 
primary mouse astrocytes treated with hsCtrl-IgG or hsAQP4-IgG, 100 ng/ml for 24h.  

(E) Volcano plot of gene fold changes induced by hsAQP4-IgG as compared to the hsCtrl-IgG 

 
(F) GO enrichment analysis of the 152 DEGs between primary astrocytes treated with hsCtrl

stimulation from this study. p value<0.05 and a fold change cutoff of log2 ratio≥0.5 were 
used to detect the differentially expressed genes (DEGs, a total of 152). Red dots, 110 
upregulated genes; blue dots, 42 downregulated genes. The exemplary secreted protein 
genes overlapped with the published dataset of Walker-Caulfield et al. (37) were 
indicated.

-
IgG or hsAQP4-IgG from this study. 

(G) The NFκB canonical pathway was identified via the pathway visualization of the 91 
overlapped DEGs (Fig. 1F-J) by extracting the Kyoto Encyclopedia of Genes and 
Genomes database (KEGG) with the data integration tool of Pathview.  

(H) The Gene Set Enrichment Analysis (GSEA) of the 91 overlapped DEGs (Fig. 1F-J), 
showing the expression of the NFκB pathway gene set was statistically enriched in the 
hsAQP4-IgG-treated astrocytes, as compared to the control of hsCtrl-IgG treatment. 

The bar graphs of (B) and (C) were presented as the mean ± SEM; the statistical evaluation of 
(C) was performed with one-way ANOVA and Tukey’s post hoc multiple comparisons 
(only selected comparisons shown here). *p < 0.05, **p<0.01, NS, not significant.   
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Supplementary Figure 2 
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Fig. S2 Additional data of MRI scans and neuropsychological tests from health controls 
and NMO patients 

(A) Representative MRI images of brain, spinal cord and optic nerve from healthy control (HC) 
subjects and NMO patients. The typical lesions of neuromyelitis and optic neuritis were 
indicated by the yellow arrows. 

(B) In complementation to Fig. 2C, the positive correlation between the scores of HARS and 
HDRS (for anxiety- and depression-like symptoms) with serum CHI3L1 levels in NMO 
patients, plotted in linear regression. n=64. 

(C) In complementation to Fig. 2C, the scoring of the neuropsychological tests in health control 
(HC) subjects and NMO patients, plotted in the box chart of distribution for the test 
actual scores. HC, n=20; NMO, n=44. 

(D) The 3D size quantification of the hippocampal subfields on the left side for healthy control 
(HC) subjects and NMO patients. HC, n=15; NMO patients: n=23. 

(E) The 3D size quantification of the hippocampal subfields on the right side for healthy control 
(HC) subjects and NMO patients. HC, n=15; NMO patients: n=23. 

(F-G) The assessment of the effects from the secreted astroglial factors of neuroinflammation on 
the NSC proliferation and neuronal differentiation in vitro, similar as in Fig. 2G. The 
primary mouse NSC cultures were first stimulated with vehicle control of PBS or the 
recombinant proteins (100ng/mL) selected from (Fig. 1H-J), including CCL7, CXCL1, 
GBP5, ISG15, VCAM1, C3, IL-1a, IL-1b and CHI3L1, for 3 days in the proliferation 
media. EdU was administered in half of the treated cultures for 2 hours before the 
fixation and immuno-staining to evaluate the proliferation by the percentage of EdU+ 

cells (F). The remaining half of the NSC cultures were switched into the differentiation 
media, being allowed to differentiate for additional 3 days with the incubation of PBS or 
the selected astroglial factors (100 ng/ml), and were then fixed and subject to confocal 
analyses for differentiation into mature Tuj1+ neurons or GFAP+ glial cells (G). 

Data in (C-G) were presented as the mean ± SEM; in (B), (C-E) the statistical significance was 
evaluated with Student’s t test for two-group comparisons (HC vs. NMO); in (F-H), one-
way ANOVA was used with Tukey’s post hoc multiple comparisons. Non-significant 
comparisons are not identified. *p < 0.05, **p<0.01, ***p < 0.001, ****p < 0.001. 

Abbreviation: HC, healthy control. NMO, neuromyelitis optica. HARS, Hamilton Anxiety 
Rating Scale. HDRS, Hamilton Depression Rating Scale. MMSE, Mini-Mental State 
Examination. SDMT, Symbol Digit Modalities Test. BVMT-R. Brief Visuospatial 
Memory Test Revised. CVLT (T1-5), California Verbal Learning Test (Trial 1-5). 
CVLT-SDFR: California Verbal Learning Test Short Delayed Free Recall. CVLT-SDCR, 
California Verbal Learning Test Short Delayed Cue Recall. CVLT-LDCR), California 
Verbal Learning Test Long Delayed Cue Recall. CVLT-LDFR, California Verbal 
Learning Test Long Delayed Free Recall. GC-DG, granule cell layer of the dentate gyrus. 
HATA, hippocampal amygdala transition area.  
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Supplementary Figure 3 

 Fig. S3 Additional data for the biochemical, histopathological and behavioral assays on the 
mice receiving msCtrl-IgG or msAQP4-IgG. 
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(A) The examination of the anti-AQP4 IgG effect, assayed by the loss of AQP4 expression in the 
vicinity of the injection site (relative to bregma, -1.5 ~ -3.5 mm) within the dentate gyrus. 
Bar graph, the AQP4 immunofluorescent signal (green) was significantly reduced in the 
hippocampal sections within the 1 mm distance from the injection site. The same range 
was used for our analyses of the NSC proliferation and neuronal differentiation of NSCs. 
Scale bar, 100 µm. 

(B) Assessment of the lasting CHI3L1 expression in astrocytes induced by msAQP4-IgG after an 
interval of 5 week (relevant to Fig. 3D), quantified by the intensity of CHI3L1 
fluorescence (green) that was colocalized with GFAP signals (red) and presented as the 
relative levels after setting the value of msCtrl-IgG as 1.0. n=5 animals per group. Scale 
bar, 50 µm. 

(C) Measurements of CHI3L1 levels by ELISA on the lysates of acutely dissected, unfixed 
hippocampal tissues from the mouse brains stereotaxically injected with msCtrl-IgG- or 
msAQP4-IgG-treated, complementing the immune-staining results of CHI3L1 induction 
by msAQP4-IgG in Fig. 3D. n=3 animals per group. 

(D) Examinations of the pro-inflammatory genes induced upon astroglial activation by msAQP4-
IgG in the hippocampal lysates as in fig. S3A. The data of qPCR assays on the cytokines 
and chemokines including those identified by the RNA-seq (Fig. 1H-J) were plotted as 
the heatmap of gene fold change. Dark blue indicated no change and white color 
indicated >10-fold chance. n=3 animals per group. 

(E) The mice stereotaxically injected with msCtrl-IgG or msAQP4-IgG went through the 
standardized open field test before the Morris water maze to evaluate their overall 
locomotor activities and anxiety-like behaviors, with their representative movement paths 
shown here.  

(F and G) Quantification of the open field test results by measuring the average total distance 
travelled (F) and the average crossing numbers through the center area (G). n=9 mice per 
group. 

(H) Representative confocal images for the analyses of NSC proliferation, complementing the 
results in Fig. 3M-O. The labeling of EdU (green), Sox2 (red), GFAP (gray) and DAPI 
(blue) was to identify the total proliferating cells (EdU+), the radial glia-like cells 
(EdU+GFAP+Sox2+), and the transiently amplifying progenitor-like cells (EdU+GFAP-

Sox2+). Scale bar, 100 µm. 

(I) Representative confocal images of labeling the newborn immature neurons in the 
hippocampus SGZ from mice injected with msCtrl-IgG or msAQP4-IgG, complementing 
the results in Fig. 3P. BrdU was immune-stained in red and the immature neuronal 
marker DCX in green. Scale bar, 100 µm. 

(J) Representative confocal images of labeling the mature neurons newly differentiated from 
NSCs in the hippocampus SGZ as in fig. S3J, complementing the results in Fig. 3Q. 
BrdU was immune-stained in red and the mature neuronal marker NeuN in green. Scale 
bar, 100 μm. 

Data in (B), (C) and (F-G) were presented as the mean ± SEM in bar graphs, and the statistical 
significance was evaluated with Student’s t test for two-group comparisons. *p < 0.05, 
**p<0.01, ***p < 0.001. 
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Supplementary Figure 4 

Fig. S4 Additional data on the behavioral consequences of the CHI3L1 over-expression 
(A) The open field test was performed prior to Morris water maze at week 4-6 (Fig. 4B) to 

evaluate the locomotor activities and anxiety-like behaviors in mice lentivirally 
transduced to over-express eGFP (Lenti-Ctrl) or CHI3L1 plus eGFP (Lenti-CHI3L1). 
Representative movement paths of both groups were shown here. 

(B and C) Quantification of the open field test by measuring the total travel distances (B) and the 
crossing numbers through the center area (C) of both groups. Lenti-Ctrl, n=8 mice; Lenti-
CHI3L1, n=12. 

Data in (B and C) are presented as the mean ± SEM; Data in (B and C) statistical significance 
was evaluated with unpaired one-tailed Student’s t test for two group comparisons. *p < 
0.05, **p<0.01. 
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Supplementary Figure 5 

 
Fig. S5 The knockdown of CHI3L1 receptors IL-13Rα2 and TMEM219 did not affect the 
inhibitory CHI3L1 signaling for NSC proliferation and differentiation  

(A) Little expression of IL-13Rα2, a common CHI3L1 receptor for immune cells, in NSCs 
within the SGZ of dentate gyrus from 8-week-old wildtype mice, assayed by 
immunostaining of IL-13Rα2 (green) and the radial glia-like NSC markers Sox2 (red) 
and GFAP (white) plus the nuclear marker DAPI (blue). This confocal imaging 
complemented Fig. 5B. Scale bars, 20 µm. 

(B) Very low level of CHI3L1 receptor TMEM219 in NSCs within the SGZ of dentate gyrus, 
assayed by immunostaining of IL-13Rα2 (green) and the radial glia-like NSC markers 
Sox2 (red) and GFAP (white) plus the nuclear marker DAPI (blue). This confocal 
imaging complemented Fig. 5B. Scale bars, 20 µm. 
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(C) The knockdown efficiency of 2 shRNAs targeting against IL-13Rα2, assayed by 
immunoblotting of cell lysates from NSCs transduced with lentiviruses to express the 
non-targeting control shRNA (shNC), shIL-13Rα2_1 or shIL-13Rα2_2 as described in 
Fig. 5E and F. β-actin served as the loading control.  

(D) Relevant to Fig. 5E and F, the evaluation of TMEM219 knockdown efficiency by 2 
shRNAs, shTMEM219-1 and shTMEM219_2, transduced in NSC cultures and compared 
to the protein levels of TMEM219 and β-actin.  

(E) The knockdown of IL-13Rα2 or TMEM219 did not affect the inhibition of NSC proliferation 
by CHI3L1, in parallel to the experiments in Fig. 5H. The cultured mouse NSCs grown 
in proliferation medium were transduced to express shNC, shIL-13Rα2_1 or 
shTMEM219_1 and then treated with PBS or CHI3L1 (100 ng/ml). The EdU was added 
into the cultures two hours before the fixation and immune-staining. Left panels, 
representative confocal images of the indicated 4 groups. Right bar graphs, the 
quantification of NSC proliferation was plotted as the ratio of the proliferating cells 
(GFP+ EdU+) and total cells (GFP+, co-expressed with shRNAs; ~100% colocalization 
with DAPI+ cells) in cultures. n=4 experiments per group. Scale bars, 100 µm. 

(F) In relation to Fig. 5I, the knockdown of IL-13Rα2 or TMEM219 did not affect the inhibition 
of NSC differentiation by CHI3L1. The mouse primary NSCs were cultured in the 
differentiation medium and transduced to express shNC, shIL-13Rα2_1 or 
shTMEM219_1, with the incubation of PBS or CHI3L1 (100 ng/ml) for 3 days. After 
fixation, the immuno-staining was performed to label essentially all cells with GFP 
(green) and DAPI (blue), the newly differentiated neurons with Tuj1 (red) and astroglial 
cells with GFAP (gray), in the panels of the representative images. The bar graphs were 
the quantification of neuronal differentiation, shown in the ratio of neurons and total cells 
(GFP+Tuj1+/GFP+, left) and the ratio of astroglia and total cells (GFP+GFAP+/GFP+, 
right). n=4 experiments. Scale bars, 100 µm. 

(G) Representative images to complement Fig. 5L-5N, showing the mouse dentate gyrus 
sections labeled with EdU (green) and NSC markers Sox2 (red) and GFAP (gray). Scale 
bars, 50 µm. 

(H) Representative images to complement Fig. 5O and 5P, showing the differentiation of BrdU-
labeled NSCs into immature neurons, immunostained with BrdU (red) and DCX (green). 
Scale bars, 50 µm. 

(I) Representative images to complement Fig. 5Q, showing the differentiation of BrdU-labeled 
NSCs into mature neurons, immunostained with BrdU (red) and NeuN (green). Scale 
bars, 50 µm. 

Data in (E) and (F) were presented as the mean ± SEM and their statistical significance was 
evaluated with one-way ANOVA and Tukey’s post hoc multiple comparisons. Non-
significant comparisons are not identified. *p < 0.05, **p<0.01, ***p < 0.001, ****p < 
0.0001. 
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Supplementary Figure 6 

Fig. S6 Additional behavioral data for the effects of astrocyte-specific CHI3L1 knock out 
(A) The evaluation of CHI3L1 knockout efficiency to complement Fig. 6B and C, by 

immunoblotting on the hippocampal lysates harvested from the Chil1f/+ (control) or 
Chil1f/f  (conditional knockout) mice receiving AAV injections for Cre-mediated CHI3L1 
deletion. 

(B) Related to Fig. 6D-F, the open filed test (OFT) was performed before the MWM 
experiments to assess the general locomotor activities and anxiety-like behaviors, with 
the representative movement paths from the t tested groups shown here: Chil1f/++msCtrl-
IgG, Chil1f/++msAQP4-IgG, Chil1f/f +msCtrl-IgG and Chil1f/f +msAQP4-IgG.  

(C and D) Quantification of the OPT results plotted as the total travelled distances (B) and the 
numbers of crossing over the center area (C) for the 4 groups. n=9 animal per group. 

(E) Representative images to complement Fig. 6M-O, showing the mouse dentate gyrus sections 
labeled with EdU (green) and NSC markers Sox2 (red) and GFAP (gray). Scale bars, 50 
µm. 

(F) Representative images to complement Fig. 6P, showing the differentiation of BrdU-labeled 
NSCs into immature neurons, immunostained with BrdU (red) and DCX (green). Scale 
bars, 50 µm. 

(G) Representative images to complement Fig. 6Q, showing the differentiation of BrdU-labeled 
NSCs into mature neurons, immunostained with BrdU (red) and NeuN (green). Scale 
bars, 50 µm. 
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Bar graphs were presented as the mean ± SEM and the statistical analyses were carried out with 
two-way ANOVA with Tukey’s multiple comparisons test. Non-significant comparisons 
are not identified. *p < 0.05, **p<0.01, ***p < 0.001, ****p < 0.001. 
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Supplementary Figure 7 

 
Fig. S7 The evaluation of astrocyte activation in mouse hippocampi infused with anti-AQP4 

IgG or control IgG, with or without CRTH2 knockdown (complementing Fig. 7D-
G).  

(A) Representative images and confocal analyses of the mouse dentate gyrus sections from mice 
infused with msCtrl-IgG or msAQP4-IgG, plus stereotaxic injections of lentiviruses 
expressing eGFP together with a control shRNA (shCtrl) or the shRNA against CRTH2 
(shCRTH2_1), and being sacrificed 4 weeks after the lentiviruses injections, as in Fig. 
7A. Bar graphs of quantification of the immunofluorescent signals of CHI3L1 (red, left) 
and GFAP (gray, right), showing the astrocyte activation induced by msAQP4-IgG and 
no discernible change caused by the shRNA-mediated CRTH2 knockdown. n=5 animals 
per group. Scale bars, 50 µm. 

(B) Measurements of CHI3L1 levels by ELISA on the lysates of acutely dissected, unfixed 
hippocampal tissues from the mouse brains. n=5 animals per group.  

All data were presented as the mean ± SEM and the statistical significance was evaluated with 
one-way ANOVA and Tukey’s post hoc multiple comparisons. Non-significant 
comparisons are not identified. *p < 0.05, **p<0.01, ***p < 0.001, ****p < 0.001.  
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Supplementary Table 1 

 
 

Table S1 The summary of prior clinical studies on CHI3L1 levels in NMO patients.  
Abbreviations: HCs, healthy controls. NMO, neuromyelitis optica patients. ONNDs, control 
subjects with non-inflammatory neurological disorders. EDSS, Kurtzke Expanded Disability 
Status Scale, ranging from 0-10; the first levels 1.0 to 4.5 refer to people with a higher degree of 
ambulatory ability and the subsequent levels 5.0 to 9.5 refer to the loss of ambulatory ability.
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Supplementary Table 2 

 
Table S2 The clinical characteristics and demography of health controls and NMO patients 
enrolled for analyses of serum CHI3L1 levels or CSF CHI3L1 levels. 

For measurements of CHI3L1 levels, the serum samples from 20 healthy controls (HCs) and 44 
neuromyelitis optica (NMO) patients were used, and the CSF samples from additional 26 HCs 
and 29 NMO were used. Data are presented as the mean ± SEM.  
Abbreviations: AQP4-Ab, the presence of aquaporin-4 autoantibody in the serum. EDSS, 
Kurtzke Expanded Disability Status Scale. 
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Supplementary Table 3 

 
 

 

  
  

 
  

Table S3 Information regarding the biopsied brain samples from the control and NMO 
patient (complementary to Fig. 2B).
The further detailed information regarding these 2 subjects were reported in the prior studies, 
Luo et al., (33); Chang et al., (49).
Abbreviation: ON: optic neuritis, ML: myelitis, BR: brain lesion, NMO: neuromyelitis optica.
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Data File 1 

Data file S1 Raw numeric data and statistics for all figures presented in the main text and 
Supplementary Materials.  
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